It is well known that toxic substances, probably derivatives of bacterial protein ( 1) , frequently appear in improperly distilled water. A dramatic and often potentially dangerous syndrome of chill and fever (pyrogenic reaction), occasionally complicated by peripheral circulatory collapse, follows the intravenous administration of solutions contaminated with these substances. A marked increase in renal blood flow (2), a reduction in arterial pressure (3) and an increase in cardiac output (4) have been observed during the pyrogenic reaction in normal man, indicating a marked reduction in over-all peripheral resistance. Three stages of arterial pressure change have been described (3): namely, (a) a short period of elevated pressure during the chill and initial rise in temperature, (b) a phase characterized by a moderate fall in blood pressure, coinciding approximately with the appearance of renal hyperemia, and (c) a marked reduction in blood pressure with a narrowing of the pulse pressure some 4 or 5 hours after the administration of the pyrogen. Although antipyretics, such as amidopyrine, when given in adequate doses prior to injection of the pyrogen, will prevent chill and fever, they do not affect renal hyperemia or phases (b) and (c). The reduction of arterial pressure (c) is usually greater among hypertensive than among normal subjects and may be so profound as to result in a shocklike state, even in the absence of fever. It is not known whether the late reduction in blood pressure is a result of widespread vasodilation, reduced cardiac output or a combination of the two. Nor is it known whether there is any fundamental difference in response on the part of hypertensive as compared with normotensive individuals. The present study was undertaken to evaluate the hemodynamic factors involved in this reduction.
METHODS
Eight subjects, 6 of whom had essential hypertension, selected from the wards of the Third (New York University) Medical Division of Bellevue Hospital, and Evans Memorial Hospital (Boston University School of Medicine), were examined under basal conditions after several days of bed rest. All subjects were free of gross cardiac pathology.
Amidopyrine in doses of 0.6 gram was given to each subject every 4 hours for 5 or 6 doses during the 24 (7) . In 2 subjects (S. V., H. H.) cardiac output was determined by the direct Fick method following catheterization of the right auricle (8) .
Arterial pressure in the femoral or brachial artery was recorded by arterial puncture and the Hamilton manometer (9) and mean pressure was computed planimetrically. A formula derived from Poiseuille's Law, based upon the output of the heart and the mean arterial pressure, was used in calculating the peripheral vascular resistance in absolute units (10) .
Simultaneous renal function studies were carried out on 6 subjects (P. H., M. N., B. S., A. B., H. H., M. P.). Renal plasma flow was measured as the diodrast or paminohippurate clearance (11, 12) , and glomerular filtration rate as the mannitol or inulin clearance (12, 13, 14) .
RESULTS
Normotensive subjects Circulatory adjustments during the afebrile pyrogenic reaction were studied in 2 normal convalescent male subjects (P. H., S. V.). Figure 1 illustrates the immediate response to pyrogenic inulin (300 mgm.) seen in 1 of these individuals (P. H.). Peripheral resistance (R) decreased as renal plasma flow (CD) and cardiac output (CIballistocardiographic) increased. The output of the heart increased as a result of increases in both stroke volume (SV) and heart rate (HR). Arterial pressure (BP) showed a tendency to fall with a narrowing of the pulse pressure and at the termination of the study was definitely below the control level. No further depression of the blood pressure was noted and the subject was up and about several hours later without complaint.
FIG. 1. SUBJECT P. H. THE SYSTEMIC AND RENAL CIRCULATORY EFFECTS OF THE PYROGENIC REACTION,
NoRMAL, MALE, 52 YEARS BP, blood pressure (Hamilton manometer) in mm. Hg, the thick line being the mean pressure; HR, heart rate; SV, stroke volume in ml.; CI, cardiac index (ballistocardiograph) in liters per minute per square meter of body surface; R, peripheral resistance in dynes cm.' sec.; FF, filtration fraction (fraction of renal plasma flow filtered at the glomerulus); Cm, -mannitol clearance (glomerular filtration rate in ml.
per minute); CD, diodrast clearance (renal plasma flow in ml. per minute). Values of the renal fraction (per cent of the cardiac output passing through the kidneys) are inserted below each diodrast clearance period figure;°F, rectal temperature in degrees of Fahrenheit. The arrows at the top of the figure indicate times at which hemodynamic data were obtained. All subjects described here were premedicated with amidopyrine.
Following the intravenous injection of 300 mgm. of pyrogenic inulin at zero time the cardiac output slowly rose and peripheral resistance decreased. The blood pressure fell from a control value of 116/58 to 90/50, the mean pressure changing very little. The filtration rate decreased and the renal plasma flow, after falling during the first hour following injection of the pyrogen, increased markedly. The filtration fraction fell steadily. The blood pressure was well maintained despite the decrease in peripheral resistance and striking renal vasodilation.' This subject remained completely asymptomatic. A second normal subject (S. V.) was given 150 mgm. of pyrogenic inulin. Cardiac output, measured by both the direct Fick method and ballistocardiograph, increased by 54 per cent and 64 per cent, respectively, over a period of 3 hours following administration of pyrogen. Arterial pressure showed no significant change and, though followed for several hours, no trend toward hypotensive levels was noted. The peripheral resistance fell as cardiac output increased. Renal function was not measured in this patient. On return to the ward, he became ambulatory immediately without ill effect.'
Since the findings of increased cardiac output, decreased peripheral resistance and fall in blood pressure in these 2 subjects agreed with those of other workers (3, 2, 4) and since these responses were typical of the many pyrogenic reactions we have observed in normal man, it was felt that further control studies were unnecessary.
Hypertensive subjects In 2 of 6 hypertensive subjects (B. S., M. P.) the response to pyrogen was essentially similar to the direct Fick method giving a figure of 4.22 1. per min. per m.', the ballistocardiograph (BCG) 3.94 1. per min. per mn. Following the injection of pyrogen the cardiac index was increased to 5.07 1. per min. per m.' (BCG) and 6.9 (direct Fick). The discrepancy indicates that caution must be exercised in accepting absolute values for cardiac output determined by the ballistocardiograph during unusual physiological conditions. The above error, however, tends to minimize apparent increases in cardiac output and decreases in peripheral resistance. that of the normotensives described above. The hemodynamic changes observed in 1 of these (B. S.) are illustrated in Figure 2 . A gradual fall in arterial pressure without much change in pulse pressure followed the injection of pyrogenic inulin. Cardiac output, pulse rate and renal plasma flow increased, while a significant and progressive diminution of the peripheral resistance was noted. Blood pressure levels were not measured following completion of the illustrated part of the study; howeVer, the patient remained in bed and asymptomatic. Abnormalities of the ballistocardiographic record made measurement of the cardiac output impossible in subject M. P., a young female with hypertension of at least 2 years' duration. However, as among the normal subjects, no significant change in arterial pressure was observed, following the administration of typhoid vaccine although the reaction elicited renal hyperemia associated with a decreased filtration fraction. In one respect this subject responded in an abnormal manner. At the peak of the pyrogenic reaction, as revealed by renal hyperemia, it was found that assumption of the upright position resulted in the rapid onset of dizziness and faintness associated with tachycardia. Unfortunately, it was impossible to obtain a record of blood pressure at this time. Return to the horizontal position quickly relieved the symptoms and the subject remained asymptomatic, with an unchanged (Figure 4 ) was a 33-year-old male with essential hypertension of at least 2 years' duration. His blood pressure fluctuated widely, falling to normal levels on bed rest. Following administration of pyrogen, the arterial pressure fell slowly with a narrowing of the pulse pressure. As renal hyperemia appeared the cardiac output, stroke volume, and pulse rate increased with a significant diminution of peripheral resistance. At the termination of the renal function study a marked drop in the blood pressure associated with a fall in cardiac output was noted. A few minutes later, on rising to his feet, the subject suddenly became pulseless and fainted. Several hours later the blood pressure was found somewhat higher than just prior to syncope and the cardiac output was again above control values. The peripheral resistance continued to be depressed. The following morning the blood pressure and cardiac output had returned to the control level. Figure 5 illustrates a similar reaction observed in another young hypertensive, M. N. She was examined again 3 hours after the termination of the renal function study and by this time was found to have a markedly reduced arterial pressure and pulse pressure associated with a falling cardiac output. Soon after she was placed in a wheel chair to return to the ward, she suddenly became pulseless and complained of faintness. This marked hypotensive state lasted for several 
(SEE FIGURE 1 FOR SYMBOLS)
The arterial pressure changed very little during the first 2 hours after the administration of 100 mgm. of pyrogenic inulin. Peripheral resistance fell while cardiac output increased. Six hours after the pyrogen was administered it was found that the arterial pressure (interrupted pressure curves denote sphygmomanometric measurements) had fallen to hypotensive levels, associated with a decrease in cardiac output below the control value. The peripheral resistance remained reduced. Shortly after this measurement was made, the subject became pale, pulseless and dizzy. She remained so for several hours. No hemodynamic change other than a falling peripheral resistance and an increasing cardiac output was noted during the first 2 hours after pyrogen (typhoid vaccine) was administered. During the next 10 minutes, however, the blood pressure fell to a normotensive level and then fell precipitously to 92/40 mm. Hg associated with a parallel decrease in cardiac output. The peripheral resistance increased slightly. Restoration to a normotensive level followed a change of position from recumbency to 240 head down. The recovery was associated with an increased cardiac output and a further fall in peripheral resistance. The return to the horizontal position brought about a similar sequence of events and the head down position was necessary to avert syncope and relieve faintness. At 150 minutes the patient was questioned about a relative whom she was known to dislike, and she broke into tears and sobbing and shortly thereafter it was found that the blood pressure had returned to a hypertensive level, She was again placed in the horizontal position and the pressure slowly returned to normotensive levels where it remained for approximately 24 hours.
hours associated with faintness, nausea and vomiting, marked pallor and cold extremities. Subject G. 0. (Figure 6 ) was a 44-year-old female with a well-established hypertension of 3 years' known duration. For 2 hours following administration of pyrogen the blood pressure was well sustained and cardiac output increased while peripheral resistance slowly fell. Then, while still in the horizontal position, a drop in blood pressure to normotensive levels occurred followed by a further rapid-fall of systolic pressure to 90 mm. Hg and diastolic to 40 mm. Hg, associated with marked bradycardia, faintness; and nausea. Although peripheral resistance increased somewhat during the pressure fall, the most striking hemodynamic change was the marked fall in cardiac output. When the subject was placed in the shock position, the blood pressure returned to normotensive levels, the cardiac output increased as a result of an increased heart rate and a larger stroke volume, with subjective improvement. On the return to the horizontal, circulatory changes similar to those seen during the initial episode rapidly recurred. Again the shock position resulted in improvement. At this time the subject was questioned concerning a member of her family against whom she was known to harbor a strong grievance and a stormy emotional response was elicited. The blood pressure rose quickly t-o a hypertensive level apparently as a result of an increase in cardiac output due to an increased heart rate and increased stroke volume, the peripheral resistance showing little change. Following the return to horizontal the pressure slowly returned to a normotensive level where it remained for approximately 18 hours. During most of this time the subject was maintained in shock position to assure maximal comfort.
Renal fraction
The percentage of the cardiac output diverted to the kidneys (renal fraction) was calculated in every instance in which simultaneous measurement of renal blood flow and cardiac output was made. The figures are inserted below the graphic record of the diodrast clearances in Figures 1 to  5 . The renal fraction increased in every instance over the control figure, usually reaching a maximum at the peak of renal hyperemia. On 3 (P. H., B. S., M. N.) of the 5 occasions in which the renal fraction was measured it fell simultaneously with the renal blood flow shortly before the appearance of renal hyperemia. This phase of decreased renal fraction and renal blood flow was usually associated with a reduction in the filtration rate without much change in the filtration fraction. These phenomena appear to be independent of hypertensive disease and, though not consistently present, appear frequently enough to be noteworthy (2).
DISCUSSION
It is clear from this study that peripheral vasodilation is the primary hemodynamic change in both normal and hypertensive subjects during the pyrogenic reaction. Qualitatively the 2 groups behaved similarly, but there appear to be quantitative differences in the hemodynamic alteration and in the extent to which adjustment is possible. In normal subjects and in some hypertensives, augmentation of cardiac output compensates for the decrease in peripheral resistance and arterial pressure is maintained. But in some hypertensive subjects (H. H. at the beginning and G. 0. at the close of the study) the arterial pressure fell to normotensive levels and was thereafter maintained constant. In 1 hypertensive subject (G. 0.), adjustment failed completely and the blood pressure fell to an alarmingly low level. In every instance the fall in blood pressure could be attributed to the failure of cardiac output to increase in proportion to the dilatation of the peripheral vascular bed.
Hypertensive subjects, as a group, appear to be particularly vulnerable to conditions demanding excessive circulatory adjustments. It is well known (15) that orthostasis is associated with reflex vascular changes by which return of blood to the heart is sustained in spite of gravitational pooling of blood in the extremities. It is presumed that the essential mechanisms involved in these adjustments are much the same as in phases of circulatory inadequacy induced by pyrogen. During the pyrogenic reaction in normal subjects, these adjustments appeared to be adequate (P. H., S. V.) but among hypertensive subjects orthostasis was not efficiently compensated, cardiac output decreased excessively and, as a result, hypotension and syncope ensued. Improvement of return of blood to the heart, by placing the subject in the shock position or by the maneuvers of sobbing, as in patient G. O., resulted in prompt alleviation of symptoms and increase in intraarterial pressure. It should be noted, however, that the arterial pressure never returned to the control, hypertensive levels. Marked hypotension apparently never followed further decrease in peripheral resistance, but was always attributable to a fall in cardiac output superimposed upon an already dilated vascular bed. As a matter of fact, in G. 0. (Figure 6 ) a compensatory increase in the peripheral vascular resistance was apparent at a time when arterial pressure was falling precipitously. 2 Consequently, it seems logical to assign the cause of the hypotension that occurs in hypertensive subjects during the pyrogenic reaction, whatever the precipitating factor, to a disorder of the mechanisms that effect compensatory increases in cardiac output. The increases in cardiac output demanded to maintain pressure levels in our subjects were by no means in excess of daily requirements (16) system of the intramuscular channels and so contributes to a reduction in cardiac output (17) , but this factor cannot be evoked to explain the defective return of blood to the heart during the pyrogenic reaction. Moreover, no change in respiratory activity was apparent as a possible cause of an altered gradient of venous pressure between the thorax and the abdomen. It seems more likely that capillary and venous dilatation and inadequate adjustment to postural change were at fault in the studies reported here. Such a dilatation might be expected to pool a large quantity of blood in the lower extremities and abdominal cavity in the upright position or even in recumbency. It is noteworthy that these mechanisms appear to be altered by hypertensive disease, usually considered pre-eminently a disorder of the arterial and arteriolar channels of the circulatory system.
It is probable that the fall in peripheral resistance was a result of arteriolar dilatation, but whether this vasodilation is generalized or confined to particular portions of the vascular bed is undetermined. No change in the blood flow to the skin or skeletal muscle has been noted in normal man during the afebrile pyrogen reaction (18) , while it is known that under these conditions the renal blood flow is increased (2) and it is here demonstrated that this increase represents an actual increase in the fraction of the total blood put out by the heart, demonstrating that renal vasodilatation was proportionately greater than dilatation elsewhere in the vascular bed. Hence, the kidney appears to be peculiarly susceptible to the action of pyrogen in both normal and hypertensive individuals.
It has been noted, and confirmed here, that the renal blood flow frequently decreases shortly after the administration of pyrogen (2) . This phenomenon occurs at the time when the chill usually develops in the unpremedicated subject. These workers (3) noted an increase of arterial pressure in unpremedicated subjects during the chill and considered this as indicative of an overall vasoconstriction. However, no vasoconstriction was evident in the values for peripheral resi-stance or in the arterial pressure in the absence of the chill and fever either in previous studies (2) or in the present series. Nevertheless, the decrease in renal blood flow so often associated with a fall in renal fraction during the early or latent period denotes the presence of vasoconstriction in the kidney, a phenomenon which presumably is associated with vasodilatation elsewhere since it is not reflected in any change of total peripheral resistance or mean arterial pressure. The identity of the opposing dilated vascular beds remains obscure. The failure of the filtration fraction to show any consistent change during the vasoconstrictor phase is -evidence that both afferent and efferent glomerular arterioles contribute to the reduction in size of the renal vascular bed. SUMMARY 1. A study of the hemodynamic changes induced by the afebrile pyrogenic reaction (in premedicated subjects) has been made in 2 normal and 6 hypertensive persons.
2. In every instance cardiac output increased as a result of an increase in both pulse rate and stroke volume, while total peripheral resistance decreased.
3. In normal subjects and in some hypertensive individuals reciprocal changes in peripheral resistance and cardiac output resulted in adequate maintenance of arterial pressures. In 2 hypertensive subjects, however, arterial pressure fell to normotensive levels and in a third, marked hypotension developed. In the latter, a change to head-down position was necessary to maintain the blood pressure at physiologically adequate levels.
4. Normotensive subjects are capable of adequate vascular adjustment to postural change during the pyrogenic reaction. Among hypertensives, however, even though adjustment may be adequate in the recumbent position, orthostasis may result in a shock-like state. The observations reported here indicate that a fall in cardiac output is responsible for circulatory inadequacy under these conditions. 5. Renal hyperemia occurred in each instance studied and in the 5 subjects in whom cardiac output and renal blood flow were measured simultaneously, the renal fraction increased, implying relatively greater vasodilation in the renal vascular bed than in the rest of the circulatory system.
